Purpose: To describe a hybrid technique of reversed frozen elephant trunk to treat thoracoabdominal aortic aneurysms (TAAA) through an abdominal only approach. Technique: The technique is demonstrated in a 29-year-old Marfan patient with a chronic type B aortic dissection previously treated with a thoracic stent-graft who presented with a thoracoabdominal false lumen aneurysm. Through an open distal retroperitoneal approach to the abdominal aorta, a frozen elephant trunk graft was implanted over a super-stiff wire upside down with the stent-graft component in the thoracic aorta. Following deployment of the stent-graft proximally and preservation of renovisceral perfusion in a retrograde manner, the renovisceral vessels were sequentially anastomosed to the elephant trunk graft branches, thus reducing the ischemia time of the end organs. The aortic sac was then opened, and the distal part of the hybrid graft was anastomosed with a further bifurcated graft to the iliac vessels. Conclusion: The reversed frozen elephant trunk technique is feasible for hybrid treatment of TAAAs via an abdominal approach only. This has the benefit of substantially reducing the trauma of thoracic exposure, thus preserving major benefits of open thoracoabdominal surgery, such as the presence of short bypasses to the renovisceral vessels and reimplantation of lumbar arteries to reduce spinal cord ischemia.
Introduction
Open surgery for thoracoabdominal aortic aneurysms (TAAAs) is still associated with high mortality of 10% and high morbidity in registry data despite good-risk patient selection. 1 Hybrid techniques have been reported to reduce the trauma of a complete thoracoabdominal exposure with visceral debranching techniques, and thoracoabdominal stent-grafting has become a valid alternative in high-risk patients. The results of this technique have, however, also been marked by a high postoperative mortality of 13% and spinal cord ischemia of 7.5% in one meta-analysis. 2 In a recent report from 19 French centers collecting 76 patients, the technique was associated with mortality rates of 34.7%. 3 Although this study included a high percentage of emergency repairs and therefore represents a high-risk patient group, this hybrid approach still is technically demanding and associated with considerable risk even in the elective setting.
Total endovascular repair has developed as an alternative technique and may become the standard repair for TAAA, since first reports are associated with excellent midterm outcomes comparable to open repair from centers of excellence. 4, 5 Total endovascular repair is, however, not recommended for patients with connective tissue disorders, and preventive measures for spinal cord ischemia are limited given that intercostal and lumbar arteries cannot be reimplanted during the procedure. Complication rates associated with all techniques are still relevant.
To further minimize access-related trauma and complications of open surgery, an alternative technique has been introduced. The frozen elephant trunk technique revolutionized open aortic arch surgery by allowing extension of the repair into the descending aorta without requiring another thoracotomy, thus reducing mortality of open aortic arch repair to 8%. 6 We demonstrate the feasibility of a reversed frozen elephant trunk technique to avoid extensive preparation of the thoracic aorta in a patient with post-dissection Crawford type II TAAA.
Technique
The technique is demonstrated in a 29-year-old patient with genetically confirmed Marfan syndrome referred to our institution with a chronic type B aortic dissection and a thoracoabdominal false lumen aneurysm. At another institution, the patient had received a thoracic stent-graft extending to the mid descending thoracic aorta (Figure 1 ) due to renal malperfusion in the acute phase. The false lumen was, however, still perfused from a distal reentry, and an aneurysm of the descending thoracic aorta was present. The patient was obese, with a body mass index of 34 kg/m 2 , and had hypertension as well as symptomatic mitral valve prolapse.
The option of complete thoracoabdominal replacement from the left subclavian artery to the infrarenal aorta was not considered necessary given that the proximal landing zone of the stent-graft in the arch was sufficient and without signs of dilatation. Because of chronic dissection and aneurysm formation at the level of the thoracic aorta, clamping the stent-graft at the level of the mid-thoracic aorta was not considered the best option. Therefore, the patient consented to receive a reversed frozen elephant trunk graft.
The patient was positioned on the table in a Crawford position. A thoracoabdominal incision to the level of the seventh rib was performed, and the distal thoracic as well as the abdominal aorta including the renovisceral branches were exposed in a transperitoneal approach, with rotation of the left kidney after partial circumferential incision of the diaphragm. Although not necessary with the described approach, thoracotomy was performed in this particular case to increase patient safety during our first experience with this new technique.
At the right groin, the femoral artery and vein were exposed, and a conduit was sewn in the right femoral artery for extracorporeal circulation to perfuse the infrarenal aorta as well as the extremity. A 34×150 mm Thoraflex Hybrid Graft (Vascutek/Terumo, Glasgow, UK) was chosen to allow seal and sufficient component overlap with the previous thoracic stent-graft in the true lumen ( Figure 2A ). All side branches were provisionally ligated. A purse-string suture was then applied above the celiac trunk, and the true lumen of the abdominal aorta was punctured. A super-stiff guidewire (Lunderquist; Cook Medical, Bloomington, IN, USA) was positioned in the ascending aorta within the true lumen, which was confirmed by transesophageal echocardiography. Following serial dilation of the puncture site, the stent-graft component of the device was introduced over the super-stiff wire into the distal thoracic aorta ( Figure 2B ). The stent-graft component was then deployed in the prior thoracic stent-graft in the descending thoracic aorta. Consequently, the visceral vessels were sequentially anastomosed at the branches of the Dacron component, thus shortening the ischemia time of the respective organs to a minimum and quickly establishing antegrade flow. Following bypass to the celiac, superior mesenteric, and renal arteries, a bypass to 3 major back-bleeding lumbar arteries was performed because of reduced motor evoked potentials. The right renal artery was revascularized using a 6-mm Gore Hybrid Vascular Graft (Gore Medical Inc, Putzbrunn, Germany).
Subsequently, the abdominal aortic aneurysm was opened up to the insertion point of the stent part of the device ( Figure 2C) . The "collar" at the transition of the stent-graft component to the Dacron component of the elephant trunk prosthesis was sewn at the aneurysm wall proximally. All bypasses were sorted accordingly; there were no kinks and no need for bypass corrections. The Thoraflex graft was distally anastomosed to the bifurcated graft and the anastomoses to both common iliac arteries completed the procedure ( Figure 2D) . The patient was then successfully taken off extracorporal circulation. There was a discrete persisting proximal bleeding from the stent-graft component of the hybrid graft that immediately ceased after relining of the stent graft component with another stabilizing endograft (Zenith TX2; Cook Medical) and balloon dilation of the junctions. Final angiography confirmed absence of an endoleak and patency of all renovisceral vessels.
The patient was extubated the following day. The postoperative course was complicated by pancreatitis; transient renal failure required temporary dialysis, with complete recovery of renal function. A wound infection was remarkable in the postoperative course, needing repeated revisions with serial abdominal vacuum dressings, prolonging hospitalization. Postoperative computed tomography confirmed correct position of the grafts (Figure 3) . The patient was dismissed into rehabilitation 2 months later, free of any neurologic symptoms. At 9 months postoperatively, the patient has recovered and has a fully functional status.
Discussion
The excellent contemporary results of open TAAA surgery as reported from selected high-volume centers 7, 8 are unfortunately not sufficiently reproducible in registry data.
1 Total endovascular repair with branched and/or fenestrated stentgrafts achieves reduced perioperative mortality and morbidity, but experience is also focused at dedicated centers worldwide; it is questionable if this demanding technology may become available to a broader community. 5, 9 Additionally, spinal cord ischemia is still an unresolved issue in endovascular therapy, and preservation of lumbar or intercostal arteries is not possible. Total endovascular repair might occasionally be precluded by anatomical factors such as multiple renal arteries of small diameter.
Hybrid repair as a less invasive technique avoiding cross-clamping and thoracotomy might be an alternative for patients not suitable for either total open or endovascular repair. Results from the literature, however, fail to demonstrate lower mortality and morbidity, which might be due to minor general experience and a high percentage of emergency repairs in these patients. 3, 10 During traditional hybrid repair, bypasses to all renovisceral vessels are performed over a transperitoneal approach, originating either from an infrarenal bifurcated graft or from the iliac arteries. Using the specific technique described herein, it appears feasible to use a reversed frozen elephant trunk prosthesis to perform a TAAA repair. Contrary to conventional hybrid repair, the reversed frozen elephant trunk graft can be introduced via a retroperitoneal approach without the need for complex transperitoneal visceral exposure, with its associated morbidity.
The idea behind this new technique is to circumvent thoracotomy and aortic clamping. Additionally, extracorporeal circulation may be avoided, which may significantly reduce surgical invasiveness, although we used it in this particular case for safety reasons. Furthermore, the presented technique potentially reduced the ischemia time of the renal and visceral vessels compared with standard open TAAA operating techniques.
The patient described here had a connective tissue disease, which in our practice is considered unsuitable for endovascular repair. However, given that the proximal landing zone showed no signs of disease, we chose to preserve the proximal stent-graft.
The technique is currently restricted by the fact that the stent-graft component of the Thoraflex graft does not have strong radial force and does not expand longitudinally, thus it is not as stable as regular endografts and carries the risk of stent-graft collapse during deployment. Furthermore, deployment is not completely over the wire since the Thoraflex graft has no inner lumen for a wire. Additional reinforcement with an extra stent-graft might contribute to safer and more stable proximal fixation. Improvement of these limitations of the device for this specific application could make the reversed elephant trunk technique a useful tool to further reduce operative trauma and reconstruction time during complex TAAA repair.
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